This paper presents the theoretical study of squeeze film lubrication between porous parallel stepped plates with couple stress fluids. The lubricant with additives in the film region and also in the porous region in modeled as Stokes couple stress fluid. The modified Reynolds equation is derived for porous parallel stepped plates with couple stress fluids. The closed form expressions are obtained. According to the results obtained, the influence of couple stresses enhances the squeeze film pressure, load carrying capacity and decreases the response time as compared to the classical Newtonian-lubricant case. The load carrying capacity decreases as the step height increases.
Introduction
Porous bearings contain the porous filled with oil so that the bearing requires no further lubrication during the whole life of machine. Self lubricating porous bearings have the advantage of high production rate because, short sintering time is required. Porous metal bearings are widely used in small motors, home appliances, instruments and construction equipments because of their low cost and good bearing qualities. Motivated by these practical aspects, there have been numerous studies on the performance characteristics of such bearings [1] [2] [3] [4] . But these studies were confined to Newtonian lubricants.
The squeeze film phenomenon play an important role in engineering practice. The application of squeeze film action is commonly seen in gyroscopes, gears, aircraft engines, automotive engines and the mechanics of synovial joints in human beings and animals. The squeeze film behavior arises from the two lubricated surfaces approaching each other with a normal velocity. Because of the viscous lubricant present between the two surfaces, it takes a certain time for these to come into contact. Since the viscous lubricant has a resistance to extrusion, a pressure is built up during that interval, and the lubricant film then supports the load. In general, research of squeeze film behaviors for parallel rectangular plates concentrates attentions on the use of conventional Newtonian lubricants, for example, by Hamrock [5] . A theoretical analysis of the normal approach of flat and curved rectangular plates which are separated by thin film of lubricant is presented by Hays [6] . Christensen [7] predicted the elastohydrodynamic problem of normal approach of two spherical bodies. According to his results, the effects of elastic deformation profoundly influence all aspects of motion, when the separation of two surfaces becomes small enough. Gould [8] examined the same problem by considering the lubricant to be a function of pressure and temperature and showed the effect of temperature on the characteristics in high pressure squeeze films. An analysis for the squeeze film between curved annular plates using the exponential function to describe the curved film is studied by Gupta and Vora [9] and Sanni [10] presented the squeezing flow between varying permeability porous rectangular plates. In order to satisfy the requirement of modern machine systems operating severe conditions, the increased use of different types of non-Newtonian complex fluids as lubricants has been emphasized. The typical non-Newtonian complex fluids are, for example, animal bloods, synovial fluids, polymer-thickened oils, and base oil blended with long-chained additives. To describe the flow behavior of these kinds of non-Newtonian complex fluids, a microcontinuum theory of couple stress fluids has been developed by Stokes [11] . This Stokes microcontinuum theory depicts the rotational field in terms of the velocity field and allows for polar effects including the presence of couple stresses, body couples and non-symmetric stress tensors. Many researchers have applied this theory of couple stress fluids to investigate the squeeze film behavior of various system, such as the squeeze film mechanisms with reference to synovial joints by Bujurke and Jayaraman [12] , Squeeze film behavior between rectangular and circular plates by Ramanaiah and Sarkar [13] , the wide parallel plate squeeze film by Lin et.al. [14] and the squeeze film between sphere and flat plate by Naduvinamaniet.al. [15] . These studies predicted the advantages of couple stress fluid lubricants over the Newtonian lubricants such as the increased load carrying capacity and delayed time of approach.
In the present paper, an attempt has been made to study the effect of the squeeze film characteristics with couplestress lubricants between porous parallel stepped plates.
Where T (i j) is the symmetric part and anti-symmetric part and T [i j] is the antisymmetric part of T i j , M i j the couple stress tensor, D i j the deformation rate tensor, W i j the vorticity tensor, V i the velocity vector, ω i the vorticity vector , G s the body couple, δ ij the Kronecker delta, ρ the density, p the pressure, ε ijs the alternating unit tensor, λ and µ are the material constants of the dimension of viscosity, η and   are the material constants having the dimension momentum. For an incompressible fluid when body forces and body moments are absent the equations of motion derived by
Where V  is the velocity vector.
Mathematical formulation of the problem
The squeeze film between parallel stepped plates approaching each other with a normal velocity V is shown in Figure 1 . The lubricant in the film region is considered to be an incompressible Stokes couple stress fluid. When body forces and body couples are absent, Under the usual assumptions of hydrodynamic lubrication of thin films [11] the continuity and momentum equations (7) and (8) 
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Where (u, v, w) are velocity components and µ and η are lubricant viscosity and material constant responsible for couple stress fluid.
The relevant boundary conditions are (i) At the upper surface y = h u=0, w=0 ,
Where v * is the modified Darcy velocity component in the y-direction in the porous region. The flow of couplestress fluid in the porous matrix is governed by modified form of Darcy's law which accounts for the polar effects in porous region given by Fig. 1 Squeeze film between porous parallel stepped plates
is the permeability of porous matrix and β (= (η/µ)/k) represents the ratio of microstructure size to the pore size. If (η/µ) 1/2 ≈ k . i.e. β ≈ 1, then the microstructure additives present in the lubricant block the pores in the porous layer and thus reduce the Darcy flow through the porous matrix. When the microstructure size is very small compared to the pore size, i.e. β << 1, the additives percolate in to the porous matrix. The pressure p * in the porous region, due to continuity, satisfies the Laplace equation
Solution of the problem
Solution of equation (9) and (10) subject to the boundary conditions (13a-13b) and (14a-14b) are
The modified Reynolds type equation for the pressure in the film region is obtained by using Eq. (17) and (18) for u and w in the continuity Eq. (12) and then integrating over the film thickness and also using the boundary conditions for v given in Eqs. (13a-13c) and Eqs. (14a-14c) as
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Where f (h,l) = h 3 − 12l 2 h+ 24l 3 tanh(h/2l). Assuming the porous layer thickness δ to be small, the Morgon-Cameron [16] 
Using Eq. (20) 
For an axisymmetric case the above equation reduces to
On integrating Equation (22) using the boundary for .
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The relevant boundary conditions for the pressure are
(24b) Solution of equation (23) (1 )
The load carrying capacity, W is obtained in the form
Which in nondimensional form (28), the squeezing time for reducing the initial film thickness h 0 of h 2 to a final thickness h f of h 2 is given by 3 3
Which in nondimensional form 
3 t a n h (1 )
Results and Discussion
In the present study the effect of couplestress fluids on the squeeze film lubrication between porous parallel stepped plates is predicted. The modified Reynolds equation is derived using the Stokes constitutive equations to account for the couple stress effects due to the lubricant blended with additives. According to the Stokes theory, the new material constant η is responsible for the couple stress property. Since the dimension of l = (η/µ) 1/2 is length, this length may be identified as the characteristic length of additives present in a Newtonian lubricant. The couple stress parameter l * , characterizes the effects of couple stresses on the bearing characteristics of the system. The effect of permeability on the characteristics of the bearings is analyzed through the permeability parameter, ψ (= kδ/h 2 3 ). In the present paper, the values of couple stress parameter and permeability parameter are chosen as 
Time-height relationship
The most important characteristics of the squeeze film bearings is the squeeze film time i.e. the time required for reducing the initial film thickness h 2 of h 0 to a final value h f . Figure 5 
Conclusions
The squeeze film lubrication between parallel stepped plates with couple stress fluid as lubricant is studied on the basis of Stokes [9] microcontinuum theory for couple stress fluids. On the basis of the theoretical results presented, the following conclusions are drawn. 1) The presence of microstructure additive in the lubricant provides an enhancement in the squeeze film pressure and the load carrying capacity as compared to the corresponding Newtonian case. 2) The squeeze film time is lengthened for the couple stress lubricants as compared to the corresponding Newtonian case.
3) The longer the bearing length is, the more the couples stress effect on the load carrying capacity. 4) The effect of the porous facing on the bearing surface decreases the load carrying capacity and minimum permissible squeeze film height. 5) The adverse effects of the porous facing on the bearing surface can be compensated with the selection of the lubricants with proper microstructure additives.
